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Sir: 

@ I n  our effor ts  t o  extend the applicabili ty of mass spectrometry t o  organic molecules 

of extremely l w  vola t i l i ty ,  w e  have been able t o  determine the  mass spectra of amino 

acids without pr ior  conversion t o  more volat i le  derivatives required f o r  our e a r l i e r  

work3. Using the same technique, which had made it possible t o  obtain mass spectra of 
i 

(3) K. Biemann, J. Seibl  and F. Gapp, Biochem. Biophys. Res .  C m u n s .  L, 307 (1959). - 
~~~ ~ 

4 nucleosides , volat i l izat ion Of the sample direct ly  in to  the ion source and close t o  the 

(4) K. Biemann and J. A. McCloskey, J. Am. Chem. SOc., 84, 2005 (1962)'- 

ionizing electron beam gave excellent mass spectra of free amino acids and even t h e i r  

hydrochlorides. 5 

( 5 )  
' 

W. L. Baun and D. W. Fischer [Anal. Chem., 

of free amino acids i n t o  a spark source mass spectraneter. Our spectrum of lysine 

hydrochloride (Fig. lb) indicates that the much more gentle conditions of sublima- 
t ion of the sample a t  re la t ively low temperatures in to  an electron beam of 70 ev 
as  contrasted t o  sparking a t  high frequency with 100 Kv lead t o  spectra which are 
much more character is t ic  of the original molecule. 

294 (1962)] reported the introduction 

6 These spectra (determined with samples ranging from 0.25 - 10 pg.) w e r e  quite 

I 

(6) For experimental conditions see footnote 6 i n  reference 4. 
a t  temperatures between 80' and 2OOo. 

Samples w e r e  vaporized 
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s i m i l a r  t o  those of the corresponding ethyl  estersL, indicating that  free amino acids, 

although i n  the sol id  s t a t e  present as zwitterions, e x i s t  i n  the gas phase as the 

undissociated amino carbcprylic acids or possibly lqwlmgen-btmded forms thereof. It 

w i l l ,  therefore, suffice t o  discuss only those peaks not present as such i n  the mass 

spectra of the amino acid e thyl  esters. 

The presence of the free carbacylgroup instead of carbethoxy leads t o  a s h i f t  

of mass 28 uni ts  i n  certain peaks (e.g., m/e 102 in e tby l  esters vs. m / e  74 in the 

acids). Furthermore, peaks due t o  the elimination of a group other than the acid 

moiety w i l l  be found 28 mass uni t s  1wer in the free acids. 

new modes of fragmentation: 

s i t y  a t  m/e 45 corresponding t o  the carbclxyl group while the corresponding one at 

m/e  73 in e thyl  esters is absent. This w e  a t t r ibu te  t o  the s t a b i l i t y  of a posit ively 

charged carboxyl fragment which is equivalent t o  a protonated carbon diaxide molecule 

There seem t o  be only two 

F i r s t ,  there is always found a peak of s ignif icant  inten- 

while the corresponding carbethaxy ion of mass 73 is energetically less favored. 

O=C=6- H o=c= 8 - C2Hs 

m/e 45 m / e  73 

The secnnd difference is  found in the presencec'of a peak a t  m / e  75 i n  the spectra 

of a number of amino acids such as val ine,  the leucines (particularly isoleucine), 

methionine, serine, cysteine, and lysine, for example, i.e., a l l  those containing a 

hydrogen atom i n  a 7 -positinn with respect t o  the carbonyl graup. 

is w e l l  known7 

This rearrangement 

fo r  f a t t y  acids and their esters, but is not observed i n  %-amino esb,rs, 

(7) 3'. W. McLafferty, .Anal. Chem., 82 (1959). 

1 because of the avai labi l i ty  of the free electron pa i r  on nitrogen . In the free acids 

hydrogen bonding seems t o  decrease t h i s  effect ,  thus favoring th i s  rearrangement which 

is  very sensit ive t o  the electron density at  the atom attached t o  Cd 8 . 
(8) 
- 

For a detailed discussim of the interpretation of' mass spectra see K. BiemFlnn, 
?!ass Spectrometry," McGraw-Hill ,  New York, No Y.,  1962, Chap. 3. 
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The mass spectrum of methionine (Fig. la) illustrates the s imilar i ty  t o  t h a t  of the 

1 ester. 

28 mass units  higher i n  the ethyl  ester. Fragments of mass 75, 57, and 45 correspond 

t o  the add i t ima l  f r a p n t a t i o n  modes discussed a b m ;  (m/e 75 is only part ly  d w  t o  

C&-S-CH2-CH2, as  evidenced by deuteration experiments) . 

The peaks a t  mass 74, 101, 132, and 149 (mol. wt.) are those which occur 

+ 

It is thus possible t o  interpret  the mass spectra of free amino acids based on 
1 the behavior of amino esters under electron impact as  discussed previously. Glutamic I 

acid appears t o  dehydrate t o  pyroglutamic acid pr ior  t o  sublimatipn, but it is worth 

not ing  tha t  hydrcgramino acids such as  serine and hydraxyproline vaporize without 

decomposition. 
- 1  

The mechanism of fralgaentation has been corroborated by the mass spectra of 

N15-lakeled amino acids. 

derivatives can be obtained'' made it possible t o  determine these ,spectra for maqy of' 

The simplicity with which the mass spectra of N,O-perdeuterio 
I 

the amino acids substantiating sane of the mechanisme. discussed above and resolving 

some of the ambiguities discussed earlier.' For example, the peak a t  m/e 70 i n  the 

mass spectrum of aspartic acid is  a t  m/e 71 i n  the deuterated sample. Thus elimination 

(11) For experimental de ta i l s  see footnote 9 in reference 4. 

of H20 ( C  H OH i n  the case of the e thyl  es ter)  involves a hydrogen atan of the amino 
2 5  

group under formation of a cyclic rather than a ketene ion. 

COO? 
I 

I 
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m/e 88 
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Even s a l t s  are amenable t o  t h i s  technique if bath the corresponding base and 

acid are sufficiently vola t i le  and thermally s table  a t  the temperature of their 

The result ing mass spectrum shows contributions of the free base 

~~ 

(12) 
' 

For example, picrates  of' organic bases such as alkaloids give the mass 
spectrum of the free base plus the peaks due t o  p ic r ic  acid. 

and the free acid superimposed. Fig. l b  is the mass spectrum obtained fran lysine 

monohydrochloride. The peaks i n  t h e  region of m/e 35 through 39 in Fig. l b  rep- 

' resent  hydrochloric acid while the rest of the spectrum is due t o  free lysine which 
2 again i l l u s t r a t e s  the similari ty t o  the spectrum of' its e thyl  ester . H i s t i d i n e  

dihydrochloride and cysteine hydrochloride a l so  give rise to very good spectra. 

The simplicity, speed, and sensi t ivi ty  of the method described should make it 

a valuable t o o l  for the identification and characterization of extremely small 

amounts of amino acids. 
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